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! Abstract: In this paper we will consider the dynamics of BPS and non-BPS 

Dp-branes in the background of N Dk-branes. Our approach is based on an ex- 
istence of the new symmetry of D-brane effective actions that naturally emerges in 
the near horizon region of the stack of iV Dk-branes. Since generally this scaling 
symmetry is explicitly broken in the Lagrangian we will find the equation that de- 
termines the time evolution of the generator of this transformations. Then we will 
argue that in case when the tachyon living on the worldvolume of unstable D-brane 
reaches the stable minimum the time evolution of this generator can be easily de- 
termined. With the help of the knowledge of the time dependence of this charge 
we will determine the trajectory of the non-BPS D-brane in the near horizon region 
of N Dk-branes. In case of BPS Dp-brane probe we will aruge that such a broken 
scaling symmetry exists as well and the existence of the explicit time dependence of 
the generator of this symmetry can be used in the solving the equation of motion of 
the probe Dp-brane in the near horizon region of iV Dk-branes. 
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1. Introduction 

The study of unstable objects in string theory 1 led to the deep insight into the string 
theory. As is well know the decay of unstable D-brane is triggered by rolling the open 
string tachyon |IL 0, 0]. An interesting consequence of this research is the fact that 



the effective field theory description of the tachyon condensation |2(| ^T], |22|, ^| is 
very powerful even if the tachyon is of order of the string scale. This issue was 
extensively discussed in [fj4|, |25], ^ 

A situation in which dynamics involved is quite analogous to the tachyon rolling is 
the formation of non-threshold bound states. A particular example of such a process 
is falling probe BPS D-brane into a target stack of N NS5-branes || 2 . Interestingly, 
the dynamics of the rolling of the radial mode("radion") resembles tachyon rolling 
dynamics of unstable D-brane. In particular, for appropriate background and regime 
of target NS5-branes or Dk-branes the works cited above noted that the radion effec- 
tive action takes exactly the same functional form as the tachyon effective action for 
unstable D-brane. The natural proposal is then to view the radion rolling dynamics 
as a sort of "geometrical realisation" of the tachyon rolling dynamics for unstable 
D-brane. 

The extension of these works to the case of a non-BPS Dp-brane probe has been 
done in JTO , O, IBS. Generally the study of the dynamics of non-BPS Dp-brane is 
much more involved than in case of BPS Dp-brane thanks to the presence of the 



1 For recent review that also contains extensive list of references, see B. 
2 Related problems were also studied in |, |, |, |, [l| |lf, [I| [iff, [l7[ [)|[ [0§ • 
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tachyon on the worldvolume of non-BPS Dp-brane. However we have argued in 
[jlC| , [TOfl that in region of the tachyon and radion field theory space where tachyon is 
large and Dp-brane is in the near horizon region of N Dk-branes of NS5-branes there 
exists additional worldvolume symmetry 3 of the action that simplifies the analysis 
of the resulting equations of motion and we were able to study the time evolution of 
the radion and tachyon on the worldvolume of a non-BPS Dp-brane. It is however 
important to stress that the existence of this symmetry was restricted to the case of 
the motion of Dp-brane in the background of iV NS5-branes or in the background of 
N D3-branes. 

In this paper we will continue further the study of the properties of this new 
symmetry (possible explicitly broken) of the tachyon effective action in the Dk- 
brane background. We will find that the tachyon effective action in the near horizon 
region and for large tachyon is invariant under the form of scaling transformation 
introduced bellow on condition that the parameter A = Ng s l 7 s ~ k , where N is a 
number of background Dk-branes, l s is the string length and g s is string coupling, 
transforms under these transformations as well. We will determine the generator of 
the scaling symmetry from the tachyon effective action and then we find the equation 
that governs the time evolution of the generator D 4 . It turns out however that for 
the tachyon that reaches its stable minimum this equation takes particular simple 
form that allows us to find the explicit time dependence of D. Then using this fact 
we will solve the equations of motion for R and hence we will able to determine the 
time evolution of the non-BPS Dp-brane in the near horizon region of iV Dk-branes 
in situation when T reaches its stable minimum. 

The paper is organised as follows. In the next section (fj) we introduce the form 
of the tachyon effective action in the near horizon region of iV Dk-branes. Then 
we will study the symmetries of this action using careful application of the Noether 
theorem. In section @ we will study the time evolution of the non-BPS Dp-brane 
where the worldvolume tachyon is in its stable minimum. In section @ we will study 
the dynamics of a BPS Dp-brane in the background of iV Dk-branes that is based 
on an existence of the broken scaling symmetry. Finally, in conclusion ([5]) we will 
outline our results and suggest possible extension of this work. 



2. The effective action for non-BPS Dp-brane in Dk-brane 
background 

In this section we will analyse the motion of a non-BPS Dp-brane near the stack 
of coincident and static Dk-branes using the tachyon effective action proposed in 
[0, [g, fZ3[ [Z1J. The metric, the dilaton ($), and the R-R field (C) for a system of 



3 The form of this symmetry is similar to the symmetry discussed in 
4 We label by symbol D the generator of the scaling symmetry. 
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iV coincident Dk-branes is given by 5 



g a p = H k 2 r] af3 ,g mn = H£5 mn , (a, (3 = 0, 1, . . . , k , m, n = k + 1, . . . , 9) 

2$ \ 

e = H k 2 , C a . .fc = HjT , flfe = 1 + , A = Ng s l s ~ 



(2.1) 



where if^ is a harmonic function of iV Dk-branes satisfying the Green function equa- 
tion in the transverse space. 

Now let us consider a non BPS Dp-brane with p < k that is inserted in the 
background ( |2.1| ) with its spatial section stretched in directions (x 1 , . . . , x p ). We 
will label the worldvolume of the non-BPS Dp-brane by = 0, ...,p and use 

reparametrization invariance of the worldvolume of the Dp-brane to set £ M = x M . 
The position of the D-brane in the transverse directions (x p+1 , . . . ,x 9 ) gives to rise 
to scalar fields on the worldvolume of D-brane, (X p+1 (^), . . . X 9 (^)). We also 
restrict ourselves to the case of homogeneous modes on the worldvolume of non-BPS 
Dp-brane. Then the non-BPS Dp-brane effective action 6 takes the form 



S=-T p f dty/FH k * y 1 - - H k X m X m - l 2 MFt 2 = - J dtC , (2.2) 
where r p is a tension of the non-BPS Dp-brane and where F is defined as 



1 



x ' 2 



(2.3) 



From here on we reserve the coordinates X m with (m = k + 1, . . . , 9) for dimensions 
transverse to Dk-brane and the coordinates Y l with (i = p + 1, . . . , k) for those 
dimensions transverse to non-BPS Dp-brane, but parallel to the Dk-brane. Finally 
in ( [2. 2D we have striped off the volume factor of the Dp-brane spatial section V p . 

To simplify the problem further we use the manifest rotation invariance in trans- 
verse R 9 ~ h plane. Then we can restrict ourselves to the motion in the (x 8 ,x 9 ) plane 
where we introduce the cylindrical coordinates 

X 8 = RcosO ,X 9 = Rsm6 . (2.4) 

In this paper we will be interested in the region of the field theory space when 
non-BPS Dp-brane is near the stack of Dk-branes { R t-t ^ 1) an d when the 



5 In what follows we consider the background Dk-branes to be static and ignore massive closed 
string modes. These modes become relevant at r C l s . But here we assume f s ~ k <C r 7-fc <C 
Ng s l 7 s ~ k . Then the DBI action is valid in this domain and we can study the dynamics of branes in 
terms of effective action. 

6 This is the form of the tachyon effective action that was proposed in E4 |25||. 
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tachyon is large (T 2 ^> 1). In this approximation the non-BPS Dp-brane effective 
action takes the form 



fc-p-4 



S = —T v y/2\ * 



dt- 



TR 



(7-k)(k 



-P-4) ^ 



1 - Y'Y' - -J^(R 2 + R 2 6 2 ) - l 2 s 2v ^, f 2 



R 7 ~ 



T 2 R- 



(2.5) 

Now we come to the main point of this paper, namely to the definition of the scaling 
transformation. Let us demand that the action ( |2.5| ) should be invariant under 
following transformations 



t' = T a t , T'{t') = T /3 T(t) , R\t') = r 7 i?(t) 

e\t') = r s e(t) , Y'\t') = r e y*(t) , a = p^a 



(2.6) 



where T is free parameter of this scaling transformation and where a, (3, 7, 5, u, e will 
be determined from the requirement that the action ( |2.5|) has to be invariant with 



respect to (|2.6| ). For example, if we demand that 

dt' 



, k-p-4 

A 4 



T'R — 1 r J ^ 



dt 



k — p — 4 

A 4 



(7-fc)(fc-p-4) 

1 R 4 



we get 



(2.7) 



(2.8) 



4 ' 4 

If we proceed in the same way with all other terms in ( |2.5| ) we obtain following set 
of equations 

uj — 2a = (5 — fc)7 , 
uj + 25 - 2a = (7 - % , 
u — 4a = (7 — fe)7 



e = a . 



From the first three equations we get 



5 = , 7 = —a ,to = {k — 3)a 



(2.9) 



(2.10) 



Inserting this result into ( |2.8| ) we obtain 



(3 = a{k — p — 3) 



(2.11) 
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The result of this analysis is that all parameters are expressed through a. Since 
different a correspond to different T we are free to pick one particular value of a. If 
we choose a = — 1 the scaling transformations take the form 

t' = r~H ,T'(t') = r-( k - p - 3) T(t) ,R'(t') = TR(t) , 
e\t') = 9{t) ,Y*{f) = r _1 y*(t) , a' = r 3 - fc A . 

(2.12) 

As we have claimed in introduction the action ( |2.5| ) is generally invariant under 
( |2.12| ) on condition that parameter A transforms as well 7 . It then follows that the 
generator of these transformations is not conserved. This can be seen as follows, let 
us consider following transformations 

t' = t + uj(t)e , 
m'b = m b + (3 b (t)e , 



where <3>j are dynamical variables and mj are parameters in the action 



S 



dt£($i,<&i,m b ) , 



(2.13) 



(2.14) 



and where we have introduced the infinitisemal parameter Now we demand 

that the action ( |2.14j ) is invariant under ( |2.13| ) in the following sense 



dtC It, $i(t) 



dt 



dt'c[t',mt' 



d^ 
dt' ' 



(2.15) 



If we insert Q2.13Q into the right hand side of this expression and perform the Taylor 
expansion with respect to e we get 



dt 



d 
dt 



6®i 



(Qi - u$i) 



' 5C d ( 5C 
Wi~ dt [Wi 



ft2 QjT 
- I dt- — p b 



dm h 



(2.16) 



Now the second term on the left hand side of the previous equation is equal to zero 
thanks to the equations of motion. Then comparing terms on the left and right side 
of the upper expression we get 

dJ dC 
~dt 



dm b 
■ SC , „ 5C 

5$, 5$, 



0b 



(2.17) 



7 One exception is the case of D3-brane background that was extensively studied in |fi9|. 
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This result explicitly shows that in case when the parameters in Lagrangian have to 
vary 7^ 0) in order the action (|2.14|) was invariant under ( 2.13|) the generator of 
given transformation J is not conserved. 

Using the general discussion given above we can easily find the equation that 
determines time evolution of the generator of the transformations (|2.12| ). It is easy 
to see that their infinitesimal form implies following values of u , Qi and m;, 



u(t) — —t ,Q T — -{k — p — 3)T(t) , Vl R = R(t) , 
n e = , fi y , = -Y\t) , p x = (3 - k)X . 

Then from (|2.17|) we get that the generator J = D is equal to 
D = tH-(k-p- 3)P T T + P R R - P^ , 



(2.18) 



(2.19) 



where P R , Pt, Pq, Pi and H are the canonical momenta that using the action (]2] 
take the form 



P 



R 



sc 



\/2r p A 



fc-p-4 
2 



XR 



(7-k)(k-p-4) „_ , 

TR L — i?7-fe 



P» = -T 



V^r p x 



k — p — 4 
2 



XR 2 e 



(7-fc)(fc-p-4) 

ri r 4 i? 7 -V(. . .) 



P 



V^r p X 



k—p — 4 
2 



(7-fc)(fc-p-4) „ 7-fc 



5£ 



V"2r p A 



k—p — 4 
2 



(7-fc)(fc-p-4) 

i it 4 



(2.20) 



Finally, the Hamiltonian is equal to 
H 



\ 



02 m-k 
V 2 + F R R 



where V 2 is defined as 



A 



V 2 = T 2 



P 2 R 7 ~ k 
XR 2 



X 



P 2 T 2 R~2 
2l 2 VX 



k—p — 4 



p T 2 \R 7 ' k J 

Using ( [2.21 ) we obtain following differential equations for R, 9, Y l and T 



(2.21) 



(2.22) 



R 



OH _ P R R 7 ~ k 
~ XE 
PoR 7 ~ k 



dP R 
dH 



dP XR 2 E ' 



6 



^ OH T 2 R^ 



dP T 2l 2 s \f\E 
dP l E ' 

(2.23) 

where we have used the fact that Hamiltonian is conserved and equal to energy E. 
It turns out also that it is useful to express the term |y as a function of canonical 
variables 



<5£ E, (fc-P-2) /T , 2 



(2.24) 



Finally, in order to simplify the resulting expressions we will consider from now 
on all momenta to be equal to zero. Then the equation that determines time 
evolution of D takes the form 

dD 5C (k-3)E ( V 2 \ 

It is very difficult to solve this equation in the full generality. On the other hand 
we see that the term on the right hand side will be time independent if V 2 = and 
the integration of ( p. 25 ) is then trivial. As follows from ( p. 22 ) this condition can 



be ensured when T = ±oo. In the next section we will study this situation in more 
detail. 



3. Non-BPS Dp-brane in its stable vacuum 

In this section we will consider the situation when the tachyon is static (Pr = 0) and 
reaches its global minimum (T = ±oo) 8 . Since now V 2 = the equation ( 2.25|) can 
be easily integrated with the result 

E(k-3) , s 

D= l 2 } t + D , (3.1) 

or alternatively 

D Q = tE^^- + P R R , (3.2) 

where Dq is the value of the charge D at time t — 0. This equation allows us to 
express Pr as a function of R and t so that 



3 More general situations when Pr ^ will be considered in the next publication. 
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Then we can easily find the time dependence of R using the first equation in (|2.23| ) 

"A) (5-fc)" 



R 



P R R 7 - k _ 1 
XE X 



E 



-t 



R 



6-k 



(3.4) 



that for k 7^ 5 has the solution 



R 



fc-5 



fc-5 
A 



A) 



(5 



+ C . 



(3.5) 



The case fc = 5 will be analysed separately. Explicitly we obtain: 
• k=6 

In this case the time dependence of R given in (|3.5| ) takes the form 

Ro , 



«4 



Do 1 2 
E 4 



(3.6) 



where Rq is the radial distance of a non-BPS Dp-brane at time t = 0. Note 
that i? is related to the initial momentum and to the D through the relation 
-Do = Pr(0)Ro- Remarkably, even if the tachyon is in its stable minimum 
T = ±oo the dynamics of the radial mode is still nontrivial with the following 
physical picture: Non-BPS Dp-brane moves from the initial position Ri, that 
obeys 3> 1, towards to the stack of iV D6-branes until it reaches its turning 



"^P-. Then it moves outwards the stack of iV D6-branes until 



point 9 at tr 

it reaches the region where the approximation ~ ^> 1 ceases to be valid. Note 
that this result is consistent with the general discussion performed in [1 



k=5 

For k = 5 we obtain from (13T 



InR 



lDc 
X E 



t + lnC 



that implies 



where D = P R (0)R ,E 



Da, 

R = i? oe A#* , 



(3.7) 



(3. 



We see that for D > the 
-oo and moves 



A 1 A 

probe Dp-brane leaves the worldvolume of D5-branes at t 
outwards. After finite time it reaches the region where the approximation of 
small R ceases to be valid. On the other hand for Dq < we should consider 
the positive t only. Then Dp-brane starts to move from its distance Ro, j±- ^> 1 
at time t = towards to the stack of D5-brane that it reaches at t = oo. 



9 As usual the turning point is the point where the radial velocity of Dp-brane is equal to zero: 
R= 0. 



S 



• k < 5 



In these cases the solution (B.5I) can be written as 



R 



5-fc 



(3.9) 



where again R is the radial position of a Dp-brane at t — and where D and 
i? are equal to 



D = P R (0)R ,E 



+ 



A 



(3.10) 



Now the physical picture is different from the case of D6 and D5-brane back- 
ground. Namely, from ( |3.9| ) it is easy to see that R blows up for finite t which 
happens at 

2(5 - k) 



(5 - ky 



Dn 



± 



A 



E \ E 2 R t 



5-fc 




(3.11) 



Since by presumption we work in the regime where -j^hk > 1 we demand that 
R is finite for all t. This requirement implies that 



D 2 



A <0 ^ >n 



7-fc 



(3.12) 



that is always obeyed for Pg ^ 0. In this case we obtain following physical 
picture. An unstable Dp-brane leaves the stack of iV Dk-branes at t = — oo 
and reaches its turning point at t T = ^ D ^ E at the distance 



R(h 



Ra 



In 



(3.13) 



After the crossing its turning point Dp-brane starts to move towards to the 
stack of Dk-branes which reaches at the t = oo. 



In this section we have studied the dynamics of the non-BPS Dp-brane in the near 
horizon region of iV Dk-branes when the tachyon field reaches its stable minimum. 
We have shown that in this case there is still nontrivial dynamics present. We mean 
that the radial mode now describe the collective motion of the gas of highly excited 
closed strings that arises in the process of the tachyon condensation. We will give 
more comments to this suggestion in the concussion. 
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4. Dynamics of the BPS Dp-brane in the near horizon region 
of N Dk-branes and broken scaling symmetry 



This section is devoted to the study of the dynamics of the BPS Dp-brane probe near 
the stack of N Dk-branes using the scaling symmetry of the Dp-brane effective action. 
When we again restrict ourselves to the homogeneous fields on the worldvolume of 
Dp-brane and to the case of the motion in the transverse (x 8 ,x 9 ) plane then the 
action for the BPS Dp-brane in the near horizon region of iV Dk-branes takes the 
form 



S = - J dtvJ 1 - Y*Y* - -^Zk(R 2 + R 2 8 2 ) = ~ J dtC, 

(4.1) 

where we have striped off the volume factor V p and we have introduced the potential 

k-p-4 

V = TpX 4 (4 2) 

„ (7-fc)(fc-p-4) • V*"*) 
R 4 

Note also that now T p is a tension of a BPS Dp-brane that is related to the tension 
of a non-BPS Dp-brane 7"p 3jS — 

y/2T p . Finally, the meaning of Y % is the same as 
in the case of non-BPS Dp-brane studied in previous sections. 

Let us now demand that the action (|4.1| ) is invariant under following transfor- 
mations: 

t' = r a t , R'(t') = r 7 z?(t) , e\t') = r 5 e{t) ,x = r uj x , Y'\t') = r^Y^t) . (4.3) 

By comparing the original and transformed action we obtain following set of equa- 
tions for parameters a,S,u>, (3 

(k-p-4) ( 7 _fc)(fc-p-4) 
_ u + a _ 7 = , 

uo + 2 7 - (7 - jfe)7 - 2a = , 
u + 2 7 - (7 - % - 2a + 25 = , 

(3-a = . 

(4.4) 

From the last three equations we immediately get that 6 = and also 

u; + (A;-5)7-2a = . (4.5) 
When we insert this relation into the first equation in (|4.4|) we obtain the equation 
(k — p — 2)uj + [2{k - 5) - (7 - k)(k - p - 4)] 7 = (4.6) 



10 



that for (k — p — 2) 7^ has the solution 

w = (fc _p_ 2) [( 7 - - p - 4) - 2(fc - 5)] 7 . (4.7) 

For (k — p — 2) = the equation ( |4.6|) implies 7 = and (|4.5|) that cj = 2a. Then 
for = p + 2 and for a = — 1 the scaling transformations (|4.3|) take the form 

R'(t') = R(t) , A' = T~ 2 A , t' = T-H , Y H (t') = T^Y^t) . (4.8) 

One can now determine the generator of given transformation exactly in the same 
way as in previous sections with the result 

D = tH - PiY 1 (4.9) 

whose time evolution is governed by equation 

where we have used that 

— = (-2 H + -V ) . 

5X 4A l E 2 E 2 ' 

(4.11) 

On the other hand the explicit time derivative of D given in ( |4.9| ) is equal to 

dD ■ P 2 

_ = H _ P%Y , = E _^ } (412) 

as a consequence of the fact that H and Pi are conserved. These results then confirm 
the validity of (|4.10| ). However we also see that the integration of ( 4.10|) is trivial and 
does not simplify the solution of the equation of motion for R either. Then in order 
to analyse the dynamics of the radial mode we should use the classical Hamiltonian 



treatment that was however extensively disused previously in [16, 29 



Let us now consider another possibility when k — p — 4 = 0. Now looking 
at the equations ( f4.4j ) we see that the first equation here implies that a = and 
consequently /3 = 0. Then from the second and third equations in (£OJ) we obtain 

a; + (A; -5)7 = . (4.13) 

Since in our convention the radial mode scales as R — > TR we take 7 = 1. Then we 
obtain following transformation rules: 

R'(t') = TR(t) , t' = t , X' = T- {k - 5) \ . (4.14) 
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Now it is simple exercise to determine the corresponding generator of given transfor- 
mations 

D = P R R (4.15) 

that obeys the equation 



dD _ (k - 5)E ( Pf V 2S 
~dt ~ 2 I ~E^~E^, 



(4.16) 



Note that for (k — p — 4) = the potential term V equal to V — T p . 

Let us now explicitly solve the equation of motion for R using the equation 
( f4.16| ). Since the Hamiltonian of the probe Dp-brane takes the form 



/ p2 p7-fe p2 D5-fc 

H=Jv 2 + + ^j— + Pf (4.17) 



the equation of motion for R is equal to 

• _ OH _ P R #-* 

R -dp- R -^E~- (418) 

Since on the right hand side of the equation ( |4.16|) we have factors that do not depend 
on time its integration is straightforward and gives 

D=PRR= (^m(^-^ +Do , (4 , 9) 

where in order to simplify the notation we have considered the situation when all Pi 
are equal to zero. If we use ([4.19|) to express Pr as function of t and R we get 



Then inserting the upper expression into ( |4.18| ) we obtain 

I ( (k-5)t (,_Tl\,£ 
A I 2 I E 2 ) E 



dRR^ = U { -^(l-^)+^)dt (4.21) 



that for k ^ 5 has the solution 



R k-5 



A 



R k ~ b . (4.22) 



Note that for E = T p that corresponds to Pr = Pg — we have R = Rq. This fact 
manifestly demonstrates the supersymmetric nature of the configuration consisting 
of the Dk-branes +D(k-4)-branes that do not move. Now we will discuss the solution 
with T p ^ E in more details. 
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In this case the solution ( [4.22 



) is equal to 



R 



1 

A 




R 



• 



(4.23) 



and then it moves 



We see that the probe D2-brane moves initially towards to the stack of N D6- 

branes reaches its turning point at tx = ( 1 — ~§z 

outwards. Of course this solution is only valid for such a time interval when 
we have 3> 1. Note also that this result is in agreement with the general 



analysis performed in [29 



k=5 



For k = 5 the differential equation ( |4 ■ 2 1 1 ) takes the form 



that has the solution 



A = Je r 



R = R^e^ 



(4.24) 



(4.25) 



We see that the character of the motion of the probe Dl-brane depends on the 
sign of D = Pr(0)Rq. For D < the probe Dl-brane moves towards the stack 
of D5-branes and reaches it at the asymptotic future. On the other hand the 
case D > corresponds to the emission of Dl-brane from the worldvolume of 
N D5-branes at far past (t = — oo) that then moves outwards and after some 
time reaches the region where the near horizon approximation breaks down. 
For D = the radial coordinate R is constant. 



k=4 

In this case (|4.22j ) is equal to 



1 

R 



1 

A 




Do 
E 



+ 



R(\ 



(4.26) 



with the following physical picture. The probe DO-brane leaves the stack of 
D4-branes at t — —oo and moves outwards until it reaches its turning point at 



2D 
E 



rp2 

1 

1 ~ W 



-1 



Then it moves back and approaches the worldvolume of 



the D4-branes at t — oo. 



k < 4 In this case one can easily see that there is not any dynamical probe 
Dp-brane since now p = k — 4 < 0. 



13 



As a final case we will consider the situation when k = 6 and p = 0. Then from 
( |4.7|) we get that u = and from the equations in (|4.4j) we obtain that 7 = 2a. As 
a result we obtain following transformation rules for R, t, Y l and A 

t' = T'H , R'{t') = T- 2 R(t) , Y'\t') = T^Y^t) , A' = A , (4.27) 

where we have taken a = — 1. Then the generator of these transformations is 

D = tH - P R R - PfY 1 . (4.28) 



which is, thanks to the fact that A' = A, conserved. Using ( |4.28j ) we can again express 
Pr as a function of R, H = E and D 

P R = ±[tE-D), (4.29) 

where we again consider the case when Pj = 0. Inserting this relation to the differ- 
ential equation for R we get 

• P R R tE-D , inn . 

that has the solution 

Now we have the following picture of the time dependent dynamics of the probe D0- 
brane in the near horizon region of N D6-branes 10 . The DO-brane starts to move 
towards to the stack of D6-brane at same time U < that is chosen in such a way 
to ensure the validity of the near horizon region approach. Then DO-brane reaches 
its turning point at tr = -§ where the direction of its motion changes and it again 
moves outwards until it reaches the region where the near horizon approximation 
breaks down. 



5. Conclusion 

This paper was devoted to the study of the dynamics of the non-BPS and BPS Dp- 
branes in the near horizon region of the stack of Dk-branes based on an existence 
of the broken scaling symmetry of the probe effective action in this background. 
We have studied the question under which conditions Dp-brane effective action is 
invariant under this form of the symmetry and we have argued that this generally 
occurs in case when we allow the scaling parameter A to vary as well. Then we have 
found the differential equation that determines the time evolution of this generator 
and we have argued that in the case when the tachyon is sitting in its stable vacuum 

10 In order to avoid the coupling of the probe DO-brane to the Ramond-Ramond field we consider 
the situation when Pg = 0. For discussion of the more general case when Pg ^ 0, see p9|. 
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this equation can be easily solved. We mean that it is very interesting that there exists 
nontrivial dynamics of an unstable Dp-brane even if the tachyon reaches its stable 
minimum. It is seems to us that this situation is closely related to the emergence 



of the tachyon matter p3l |34], |35], |36[. Since it was argued in these papers that the 



tachyon condensation results into the emergence of the gas of very massive closed 



strings that are confined to the worldvolume of the unstable D-brane p?| , 5B , |39 
then we can presume that the radial mode dynamics captures the collective motion 
of the gas of these closed strings. 

We have also performed an analysis of the probe BPS Dp-brane in the near hori- 
zon region of N Dk-branes that was based on an emergence of the scaling symmetry. 
As in the non-BPS Dp-brane case we have found the generator of this scaling sym- 
metry and the equation that governs its time evolution. Then we have solved the 
equation of motion of the probe Dp-brane using the known time dependence of D. 

We mean that extension of this work could be performed in several ways. Firstly, 
it would be interesting to study the scaling symmetry for situations when the world- 
volume fields depend on spatial coordinates as well. Secondly, it would be certainly 
interesting to study the properties the tachyon matter in general background, espe- 
cially it seems very interesting to study the gas of unstable D-branes in the context 
of the brane gas cosmology. We hope to return to these problems in future. 

Acknowledgement This work was supported by the Czech Ministry of Education 
under Contract No. MSM 0021622409. 
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